OBJECTIVE: Late preterm infants (born between 34 0/7 and 36 6/7 weeks of gestation) have been shown to have a higher morbidity and mortality than term infants. Furthermore, twins, both term and preterm, have a higher neonatal morbidity than singletons. The aim of our study was to examine if late preterm twins consequently have twice the neonatal morbidity when both risk factors prematurity and multiple pregnancy are present.
Introduction
Late preterm infants are defined as infants born between 34 0/7 and 36 6/7 weeks of gestation [1] [2] [3] . In Switzerland, approximately 6% of live born infants are late preterm infants, which corresponds to about 70% of all prematurely born infants. In the past, late preterm infants have been regarded as almost term infants and their neonatal morbidity was therefore as assumed to be equal to that of term infants. Increasingly, however, it has been shown that late preterm infants have a higher risk for postnatal complications due to their immaturity which requires longer hospitalisation [1, [3] [4] [5] . Complications include respiratory distress syndrome, transient tachypnoea of the newborn, hyperbilirubinaemia, hypoglycaemia, feeding problems, instability in body temperature apnoea, sepsis and intraventricular haemorrhage [6] [7] [8] [9] [10] [11] [12] . More than half of multiple pregnancies are associated with preterm birth, most of them for medical reasons [13] . The number of multiple pregnancies has increased in recent years [13] [14] [15] . Compared with singleton pregnancies, multiple pregnancies have an overall higher risk for complications in pregnancy, including preeclampsia or preterm premature rupture of membranes (PPROM). It can be assumed that late preterm twins (LPT) are likely to have an even higher risk for postnatal complications, such as respiratory distress, hypoglycaemia or hyperbilirubinaemia, than late preterm singletons (LPS) [5, 16] . The objective of this study was to examine if LPT require longer postnatal hospitalisation and if LPT have a higher neonatal morbidity and mortality compared with LPS and term twins (TT).
Materials and methods
This was a single centre retrospective analysis. The University Hospital Inselspital Bern is one of five Swiss university hospitals and accommodates one of nine Swiss neonatal units providing tertiary neonatal care. Annually, around 1600 infants are born at our hospital, including 120-140 very preterm infants with a gestational age below 32 weeks, and around 100 twins. The unit of obstetrics has special expertise in the treatment of monochorionic twins with prenatal laser therapy in twins with imminent feto-fetal transfusion syndrome.
Inclusion and exclusion criteria
All late preterm infants (twins and singletons) as well as all TT from 37 0/7 to 41 6/7 weeks of gestation who were born between January 2009 and December 2013 at the University Hospital Inselspital Bern, Switzerland, were eligible for this study. Twins were only included when both infants were born alive. Each twin was analysed separately with regard to the exclusion criteria. If one twin fulfilled the exclusion criteria, he or she was excluded. Exclusion of one twin, however, did not automatically mean exclusion of the other as long as they did not meet any exclusion criterion. All patients or mothers with incomplete documentation were excluded. Infants with fetal malformations that required prolonged hospitalisation and patients suffering from postnatal drug withdrawal were excluded.
Data collection
Data were retrieved from local databases as well as hospital discharge reports, and collected in a password-protected electronic database. Data were collected for the interval between birth and discharge home. The study was approved by the local Institutional Ethics Board. Gestational age was defined according to the last menstrual period and confirmed by first trimester ultrasound. HELLP syndrome (haemolysis, elevated liver enzyme levels, low platelet count) was defined by the International Society for the Study of Hypertension in Pregnancy [17] . Maternal infection included all women with a known urogenital infection sub partu. Cases where women had completed antibiotic therapy before birth or had an unknown group B streptococcus status were not classified as infections.
Neonatal morbidities
Swiss recommendations concerning treatment of late preterm infants state that neonates with a gestational age of 34-35 weeks and/or a birth weight of less than 1800-2000 g should be transferred to a neonatal unit. Neither Swiss nor local recommendations changed during the observation period. Hyperbilirubinaemia was defined according to the Swiss Neonatal Guidelines [18] . Hypoglycaemia was defined as serum glucose levels below 2.5 mmol/l [19] . Respiratory distress syndrome was defined as clinical signs of respiratory distress, such as grunting, nasal flaring, retractions, tachypnoea or additional oxygen demand requiring therapeutic intervention or hospital admission. Antibiotic therapy was administered in cases were an infection was suspected on the basis of clinical signs and/or relevant changes in laboratory parameters. Sepsis was defined as clinical or laboratory signs of sepsis or positive blood culture and was treated with antibiotics for 5-7 days or longer. Patients with a positive blood culture were included; however, a positive blood culture was not mandatory for diagnosis of sepsis. Necrotising enterocolitis was classified according to the Bell classification [20] . For statistical analysis, only necrotising enterocolitis of stage II or higher was defined as presence of necrotising enterocolitis. In our hospital, cranial ultrasound is performed only if a clinical indication is present, including microcephaly, traumatic birth, large cephalic hematoma, prenatally suspected pathology. Intraventricular haemorrhage was defined according to the Papile classification [21] . 
Statistical analysis

Results
Demographic data
Overall, 845 of 963 (87.7%) eligible newborn infants were included during the 5-year study period (fig. 1) ; 118 newborn infants were excluded because of congenital comorbidities, neonatal drug withdrawal syndrome or missing data, as defined in the exclusion criteria. Of the included newborns (n = 845), 495 (58.6%) were LPS, 243 (28.7%) LPT and 107 (12.7%) TT. Outcomes at birth of LPS and LPT are summarised in table 1. The mean gestational age of LPS was significantly higher with 35 3/7 weeks than the mean gestational age of LPT with 35 2/7 weeks (p = 0.035). The LPS group included 53.5% males, and the LPT group 51.0% males. Significantly more LPT than LPS were born via caesarean section (p <0.001). Compared with LPS, LPT had a significantly lower mean birth weight (2214 vs 2399 g, p <0.001). Outcomes at birth of LPT compared with TT at birth are summarised in table 2. The mean gestational age of TT was 37 5/7 weeks. There were significantly more monochorionic pregnancies in the LPT group than in the TT group (83.2 vs 70.8%, p = 0.016). Both LPT and TT were more frequently delivered via caesarean section than born spontaneously. With a mean birth weight of 2731g, TT were significantly heavier at birth (p <0.001). There were no significant differences regarding neonatal morbidity between LPT and TT when stratified for chorionicity, except for duration of neonatal hospitalisation and Apgar score at 10 minutes. Dichorionic LPT had a significantly lower Apgar at 10 minutes than dichorionic TT (p = 0.048). Both monochorionic and dichorionic LPT were hospitalised significantly more frequent (p ≤0.001) and longer (p ≤0.001) than their respective TT counterparts. Maternal characteristics of the three groups are summarised in table 3. PPROM was significantly more common in the LPS group than in the LPT group (p = 0.002). HELLP syndrome and maternal infection at birth, however, occurred more frequently in the LPT group than in the LPS group. In LPT mothers, preeclampsia/eclampsia (p = 0.006) as well as PPROM (p <0.001) occurred significantly more often than in TT mothers. There were no significant differences regarding diabetes or maternal infection between LPS and LPT as well as LPT and TT, respectively.
Primary outcome: duration of hospitalisation
The primary outcome is shown in tables 4 and 5. LPT were hospitalised approximately one day longer than LPS (13.5 ± 8.0 vs 12.6 ± 8.6 days, p <0.001). However, there was no significant difference between these two groups regarding incidence of hospitalisation in the neonatology unit. Likewise, there was no difference between the two groups with regard to the postmenstrual age at discharge. Overall, only one patient in the LPS group died during postnatal hospitalisation. This was an infant who died on the sixth day of life from perinatal asphyxia and was therefore not included in the calculation of the average hospital stay. With a mean length of hospitalisation of 13.5 days, LPT were hospitalised more than twice as long as TT, who were hospitalised for a mean duration of 6.3 days (p <0.001). In addition, significantly more LPT were hospitalised in the neonatal unit compared to TT (72.4 vs 15.9%, p <0.001). Overall, LPT were hospitalised significantly longer than LPS and TT. 
Discussion
To our knowledge, this is the first study comparing neonatal outcome, especially duration of neonatal hospitalisation between late preterm singletons, late preterm twins and term twins.
In our retrospective study, we were able to show that length of neonatal hospitalisation for LPT is significantly longer than for LPS. This may be because LPT were born on average one day earlier than LPS, resulting in a similar gestational age at discharge. When we designed this study we expected multiple pregnancy to increase the risk for neonatal morbidities. Therefore, we were surprised to find only a small difference in duration of hospitalisation. Clinically, the results might have only a small impact as it will be difficult to considerably modify discharge planning. The longer duration of hospitalisation of LPT compared with TT seems obvious, since preterm infants are faced with frequent complications of prematurity that could be responsible for prolonged hospitalisation, in particular respiratory morbidity, hypoglycaemia and hyperbilirubinaemia. In general, our results of comparisons between LPT and TT were as expected, since late preterm infants were compared with term infants. Previously, a direct comparison of LPS and term singletons showed that LPS have more morbidities and require longer hospitalisation than term singletons, with hyperbilirubinaemia being the most frequent complication [4] . In line with these results, our study showed that hyperbilirubinaemia was the most common complication followed by respiratory distress syndrome in both LPT and LPS, while hypoglycaemia followed by hyperbilirubinaemia and respiratory distress syndrome were the most common complications in TT. An interesting result of our study is a reduced incidence of hyperbilirubinaemia in LPT compared with LPS. This significant finding supports the results of a recent study that also reported a substantial decreased occurrence of hyperbilirubinaemia in LPT [22] . This study hypothesised that LPS suffer more frequently from lactational jaundice than LPT, since LPS are breastfed earlier than LPT. However, as twin pregnancies are prone to complications that are associated with an increased risk of hyperbilirubinaemia, such as the feto-fetal transfusion syndrome, we expected hyperbilirubinaemia to occur more frequently in premature twins than singletons. To the best of our knowledge, no pathophysiological mechanism has been proposed to date to explain this discrepancy. A recent study reported postnatal haemoglobin levels immediately after birth to be higher in twins and higher order multiples than in singletons [23] . We speculate that an unknown factor induces the expression of UDP-glucuronosyltransferase, the key enzyme responsible for neonatal jaundice. Prenatal stress in terms of increased levels of cortisol and catecholamines is an unlikely key factor, because significantly more LPT than LPS were born via caesarean section. It is well known that postnatal respiratory function and the induction of epithelial sodium channels in the lungs is influenced by prenatal stress, but our results show that all examined respiratory parameters (respiratory distress syndrome, CPAP, duration of CPAP, intubation and duration of mechanical ventilation) did not differ between LPS and LPT. Several studies showed respiratory problems to be the most common complication in late prematurely born infants [5, 24] . This underlines the fact that respiratory immaturity is common in this age group and might include an immature respiratory drive as well as impaired gas exchange in terms of wet lung or surfactant deficiency. Furthermore, twins are frequently born via caesarean section, which in itself increases the risk for respiratory problems, irrespective of maturity [25, 26] . Indeed, in our study LPT were delivered by caesarean section more frequently than LPS. In the literature, rates of mechanical ventilation in LPT are reported to range between 6.2% and 24.7% [5, 27, 28] . This is considerably higher than in our study, which showed an intubation rate of 3.4% in LPS and 1.2% in LPT (combined 2.7%). The most likely explanation seems that our treatment strategies aim for avoidance of mechanical ventilation and favour CPAP instead. LPT had lower gestational age at birth compared with LPS. This was as expected, since the risk for complications increases towards the end of pregnancy in twins, especially in monochorionic twins. Current recommendations with regard to time of delivery are no later than 38 weeks of gestation for an uncomplicated dichorionic pregnancy and between 34 and 37 weeks of gestation for uncomplicated monochorionic twin pregnancies [13, 29] . Furthermore, twin pregnancies, in particular monochorionic ones, are reported to have a higher rate of maternal complications such as HELLP and preeclampsia/eclampsia, which is one of the most common indications for caesarean section in premature twin pregnancies [30] . This is mirrored by our results, which showed that pregnancies with LPT have a higher incidence of preeclampsia/eclampsia than TT and also have a higher incidence of PPROM than LPS or TT. The specific risks for morbidities in monochorionic and dichorionic pregnancies are beyond the scope of this paper and are therefore not discussed in detail. Congruent with well-known evidence showing that birth weight in twins is lower than in singletons, our study showed that LPS were significantly heavier than LPT. The small difference in gestational age at birth of one day cannot explain the weight difference. However, multiple birth is the most plausible explanation [31] . Regarding mortality, only one infant in the LPS group died in our entire study population. Therefore, we cannot draw any conclusions concerning mortality rates of LPT in comparison with LPS or TT based on our data. One major strength of our study is the size of our study population. In addition, this study was performed in a single centre, which guarantees more uniform therapies and treatment strategies of patients than a multicentre study. Weaknesses include the retrospective study design. In addition, data on neurocognitive outcome are not routinely assessed in late preterm infants in our hospital; hence, no further analysis was possible to that end. Several studies have demonstrated an association of late preterm birth with cognitive impairment and behavioural deficits [32] [33] [34] . In summary, as late preterm infants, especially twins, are faced with a higher incidence of neonatal morbidity and an increased length of hospitalisation, the indication for preterm delivery should be well justified and avoided if not safe for mother and infant.
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